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Abstract. Spectra of the z em = 3.268 quasar PKS 2126- 
158 have been obtained in the range AA4300 — 6620 A 
with a resolution R ~ 27000 and an average signal-to- 
noise ratio s/n ~ 25 per resolution element. The list of 
the identified absorption lines is given together with their 
fitted column densities and Doppler widths. The modal 
value of the Doppler parameter distribution for the Lya 
lines is ~ 25 km s . The column density distribution can 
be described by a power-law dn/dN oc A - ' 3 with /3 ~ 1.5. 

12 metal systems have been identified, two of which 
were previously unknown. In order to make the column 
densities of the intervening systems compatible with real- 
istic assumptions about the cloud sizes and the silicon to 
carbon overabundance, it is necessary to assume a jump 
beyond the He II edge in the spectrum of the UV ionizing 
background at z ~ 3 a factor 10 larger than the standard 
predictions for the integrated quasar contribution. 

An enlarged sample of C IV absorptions (71 doublets) 
has been used to analyze the statistical properties of this 
class of absorbers strictly related to galaxies. The column 
density distribution is well described by a single power- 
law, with /3 — 1.64 and the Doppler parameter distribution 
shows a modal value 6civ — 14 km s . The two point 
correlation function has been computed in the velocity 
space for the individual components of C IV features. A 
significant signal is obtained for scales smaller than 200 — 
300 km s-\ £(30 < Av < 90km s -1 ) = 32.71 ± 2.89. A 
trend of decreasing clustering amplitude with decreasing 
column density is apparent, analogously to what has been 
observed for Lya lines. 
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* Based on observations collected at the European Southern 

Observatory, La Silla, Chile (ESO No. 2-013-49K). 



1. Introduction 

The study of quasars at high redshift has gained, in the 
last years, a remarkable position in cosmology because of 
its important contribution to the knowledge of the forma- 
tion and evolution of cosmological structures. Besides the 
study of the quasar population itself, the analysis of the 
quasar absorption spectra allows us to probe the interven- 
ing matter up to the redshift of the emitting object. 

Thanks to the improvement in astronomical instru- 
mentation, a considerable amount of high resolution data 
has become available in recent years, greatly increasing the 
knowledge of the nature and evolution of the absorbers. 

The absorption spectra of QSOs at high redshifts are 
characterized by a "forest" of lines shortward of the Lya 
emission, first noted by Lynds (1971), who correctly in- 
terpreted them as Lya due to absorbers distributed along 
the line of sight. 

The large range in column densities of these lines sug- 
gests the presence of very different intervening structures, 
from fluctuations of the diffuse intergalactic medium to 
the interstellar medium in protogalactic disks. 

Profile fitting techniques (e.g. Fontana & Ballester 
1995; Hu et al. 1995) provide the few parameters (redshift 
z, Doppler width b and column density N) constituting 
the basis for the interpretation of the physical properties 
of the absorbers. The reliability of such parameters de- 
pends strongly upon the resolution and the signal to noise 
ratio of the spectral data. Controversies arisen in the past 
may be traced back to the difficulty of the observational 
problem, at the limit of the present technology (Pettini et 
al. 1990; Carswell et al. 1991; Rauch et al. 1993). 

Remarkable results have been recently obtained in the 
study of the clustering properties of Lya clouds. The ab- 
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sence of clustering for velocity separations between 300 
and 30 000 km s -1 has been assessed (Sargent et al. 
1980,1982; Bechtold et al. 1987; Webb & Barcons 1991). 
On the other hand, the presence of a significant non-zero 
correlation function has been observed for Lya lines with 
Av < 300 km s _1 and logTVni ^ 13.8 (Chernomordik 
1995; Cristiani et al. 1995; Meiksin & Bouchet 1995, Hu 
et al. 1995; Fernandez-Soto et al. 1996). The correlation 
function for the present sample of Lya lines is discussed 
in Cristiani et al. (1997). 



Lanzetta et al. ( 1995 ) inferred from observational re- 
sults that, at z < 1, at least 32 % (but it could be as high 
as 60 %) of the Lya absorption systems arise in luminous 
galaxies. This conclusion is at variance with the longstand- 
ing belief that Lya-forest absorption systems arise in in- 
tergalactic clouds. Moreover, recent spectra at very high 
resolution have revealed the presence of C IV absorptions 
associated with Lya lines with log Ahi ^ 14 (Cowie et al. 
1995; Tytler et al. 1995; Womble et al. 1996; Songaila & 
Cowie 1996). The derived abundances seem to be simi- 
lar to the ones derived for the heavy elements absorptions 
originated in galactic halos, suggesting continuity in their 
physical properties. 

The clustering of C IV absorption systems has been 
investigated in the past using large samples observed at 
low resolution - FWHM > 1 A - (33 QSOs in Young et 
al. 1982; 55 QSOs in Sargent et al. 1988 ). From these 
data it has been possible to assess that C IV systems do 
cluster on scales Av < 600 km s" 1 , but, due to the limited 
spectral resolution, the characteristic clustering scale and 
the clustering properties at smaller velocity separations 
have not been established. 

Petitjean and Bergeron (1994) analyzed a sample of 10 
QSOs with a higher spectral resolution. They obtained as 
best fit of the two point correlation function in the range 
30— 1000 km s _1 a sum of two Gaussian components with 
dispersions of 109 and 525 km s _1 , similar to the distri- 
bution observed for Mg II systems (Petitjean & Bergeron 
1990). This result further confirms that metal systems as 
identified by C IV absorptions features arise in galactic 
halos. 

More recent works by Womble et al. (1996) and 
Songaila and Cowie (1996) analyzed clustering of lower 
column density samples detecting a lower signal on the 
same scales studied by Petitjean and Bergeron (1994). 
This trend with column density is consistent with what 
is observed for Lya lines (see Cristiani et al. 1997). 

In the present paper we address these issues on the ba- 
sis of the absorption spectrum of the quasar PKS 2126-158 
(z cm = 3.268). This object is one of the brightest quasars 
known (my — 17.1) and for this reason its spectrum has 
been studied in many previous works (Jauncey et al. 1978; 
Young et al. 1979; Sargent & Boksenberg 1983; Meyer & 
York 1987; Sargent et al. 1988; Sargent et al. 1989; Sargent 
et al. 1990; Giallongo et al. 1993 hereafter GCFT). Here 



we present new data, providing improved quality spectra 
in terms of s/n ratio, resolution and wavelength range. 

The paper is organized as follows. In Sec. 2 we de- 
scribe the observations and the data reduction, in Sec. 3 
the method of analysis. Section 4 discusses the statisti- 
cal properties of the Lya sample. The description of the 
metal-line systems is given in Sec. 5. Section 6 analyses 
some statistical properties of the C IV absorption systems. 
In Sec. 7 the two point correlation function is computed 
for the C IV lines and the correlation between clustering 
and column density is investigated. The conclusions of the 
paper are in Sec. 8. 



2. Data acquisition and reduction 

In August 1991 and August 1994, 8 echelle observations of 
the quasar PKS 2126-158 were obtained at ESO (La Silla), 
with the NTT t elescope and the EMMI instrument (see 
D'Odorico 199fj|) . The ESO echelle #10 was used in the 
red arm of the instrument in combination with a grism 
cross-disperser. The seeing during the observations was 
typically between 0.8 and 1.3 arcsec. 

The absolute flux calibration was carried out by ob- 
serving the standard star EG274 flStone fc Baldwin 1983] ). 

The data have been reduced in the context of the 
ECHELLE software package available in the 94NOV edi- 
tion of MIDAS, the ESO data reduction system. Some 
improvements have been introduced with respect to the 
standard procedure. In particular, the spectra obtained 
from different observations are summed up without a pre- 
vious rebinning but maintaining the original pixel sam- 
pling. For the wavelength calibration Thorium lamp spec- 
tra have been used. Wavelengths have then been corrected 
to vacuum heliocentric. 

The weighted mean of the spectra is equivalent to ~ 
16 hours of integration time and it presents a resolution 
R ~ 27000. The s/n ratio per resolution element at the 
continuum level is doubled compared with the previous 
spectrum by GCFT: it ranges from s/n ~ 6 to 44 in the 
interval 4380 — 5190 A, while beyond the Lya emission it 
has a roughly constant value of s/n ~ 30. 

In addition to these data, 8 long slit observations of the 
spectrum of PKS 2126-158 were obtained with an holo- 
graphic grating (ESO #11) at the blue arm of the EMMI 
instrument. The reduction has been carried out with the 
LONG SLIT package of MIDAS, using an optimal extrac- 
tion option. The resolution of these data is R ~ 8500. 

The resulting spectrum has been used to check the 
reliability of the Lya identification process by verifying 
the presence of the higher order Lyman series lines. 

The journal of the observations is given in Tab. |. 
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Fig. 1. Spectrum of PKS 2126-158 in the wavelength range AA4300 — 6620 covered by the new observations showing fits to 
identified lines overlaid upon the normalized spectrum. The spectral interval AA6620 — 7000 and the corresponding absorption 
lines are shown in GCFT. The dashed line represents the noise per resolution element. Upper vertical ticks correspond to 
Lya lines, lower ticks correspond to metal lines. 
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log N HI 

Fig. 2. Plot of the Doppler parameter b vs. the logarithmic column density logA^Hi for the Lya lines listed in Tab. ^. 



3. The detection and measurement of absorption 
lines 

The determination of the continuum in the QSO spec- 
trum is a critical step because it affects the measurement 
of the absorption line parameters. While the continuum 
redward of Lya emission can be drawn without difficulty, 
the high line density in the Lyman forest complicates the 
operation (Young et al. 1979, Carswell et al. 1982). In 
the present work, the task has been fulfilled with the help 
of a procedure, allowing to select automatically and in 
a reproducible way the regions of the spectrum free of 
strong absorption lines or artificial peaks (e.g. due to cos- 
mic rays), i.e. where the RMS fluctuation about the mean 
becomes consistent with noise statistics. The continuum 
level has been estimated by spline-fitting these regions 
with quadratic polynomials. The normalized spectrum is 
shown in Fig. |l|. 



The detection and measurement of absorption lines in 
the spectrum have been carried out as in GCFT and we 
refer to this paper for details of the procedure. In particu- 
lar, the lines have been fitted with Voigt profiles convolved 
with the instrumental spread function, making use of a 
minimization method of \ 2 ■ This step has been performed 
within the MIDAS package with the programme FITLY- 
MAN ( |Fontana fc Ballester 1995| ). The values of redshift 
z, Doppler parameter b — \J1a (where a is the velocity 
dispersion) and column density N have been determined 
for isolated lines and individual components of blends. 

The number of components of each absorption feature 
is assumed to be the minimum required to give a reduced 
X 2 < 1 ( corresponding to a confidence level P > 50%). 

The identification of the metal systems is described in 
Sect. 5. 

All the lines shortward of the Lya emission not identi- 
fied as due to metals have been fitted as Lya and Ly/3. For 



4 



V. D'Odorico et al.: The absorption spectrum of the QSO PKS 2126-158 (z aln = 3.27) at high resolution 



Table 1. Journal of the observations. 



date 


exposure 


slit 


range 


CCD 


(yy mm dd) 


00 


width 


(A) 




91 08 06 


7200 


1 " 


.0 


4539-7055 


lOHD 2k 


91 08 06 


7200 


i 


- 




4539-7055 


FORD 2k 


91 08 07 


9130 


i 


- 




4539-7055 


FORD 2k 


94 08 13 


5380 


i 


u 


4056-6635 


mi/ c\~\ it o /-> 

TK 2k #36 


94 08 13 


7200 




u 


4056-6635 


TK 2k #36 


94 08 13 


7200 




u 


4056-6635 


TK 2k #36 


94 08 15 


7200 


1" 


2 


4279-6644 


TK 2k #36 


94 08 15 


6645 


1" 


2 


4279-6644 


TK 2k #36 


94 08 14 


2700 


1" 


2 


3822-3980 


TK lk #31 


94 08 14 


2700 


1" 





3822-3980 


TK lk #31 


94 08 14 


2700 


1" 





3686-3846 


TK lk #31 


94 08 14 


2700 


1" 





3686-3846 


TK lk #31 


94 08 15 


3600 






3825-3983 


TK lk #31 


94 08 15 


3600 






3825-3983 


TK lk #31 


94 08 15 


3600 






3687-3848 


TK lk #31 


94 08 15 


3000 






3687-3848 


TK lk #31 



a further control, we used the blue, lower-resolution spec- 
tra to search for Ly/3, Ly7 and Ly<5 lines in correspondence 
to the stronger Lya lines (logTVni > 14). In few cases, we 
could ascertain that the absorption was not Lya. Such li- 
nes are listed as unidentified in Tab. || and they probably 
belong to metal systems still to be recognized. 

4. Lyman alpha statistics 

A statistically well-defined sample of Lya lines in the re- 
gion between the Ly/3 and Lya emissions (AA4380 — 5191) 
can be obtained from Tab. |^. The Lya lines affected by 
the proximity effect (8h^ Mpc from the QSO; see Bajt- 
lik et al. 1988; Lu et al. 1991) and those associated with 
metal systems (indicated as MLya) are excluded from the 
sample. 

The distribution of lines in the b~ log N plane is shown 
in Fig. |^. The lack of lines at the top left corner can be 
ascribed to an observational bias: as already shown by 
GCFT, the selection criterion tends to miss lines with low 
column density and large Doppler width. 

The dataset can be considered virtually complete (for 
typical b values) for logiVni > 13.3. 

A considerable fraction of the lines with log Nm > 14.5 
belongs to complex saturated systems. As a consequence, 
the deblending choices and therefore the fitting parame- 
ters may be not always unique. A considerable improve- 
ment can be obtained when the simultaneous fit of the 
saturated Lya and the corresponding Ly/3 line is possi- 
ble. Unfortunately, due to the high density of Lya lines at 
these redshifts, Ly/3 absorptions with an uncontaminated 
profile arc rare and the uncertainty for most of the lines 
in the right region of the diagram ^ cannot be removed. 



Simulations carried out by Fontana and Ballester 
(1995) show that, for isolated, unsaturated lines at 
s/n>8, the parameters given by the fitting procedure 
are quite close to the "true" value, with a small and sym- 
metric scatter around it. At column densities larger than 
10 14 5 cm -2 the Lya lines are saturated and b and N cor- 
relate strongly, increasing the uncertainties. 




12.5 13 13.5 14 14.5 15 15.5 16 
log N ra 



Fig. 3. Migration diagram illustrating the effect of improving 
the s/n ratio on the determination of the absorption lines pa- 
rameters. The points correspond to the GCFT determination. 

By comparing our list of lines with that published by 
GCFT, we have verified on real data how the b — logN 
diagram changes when the average s/n ratio is almost dou- 
bled, checking the trends expected on the basis of simula- 
tions. 

To carry out a meaningful comparison, we have consid- 
ered only the isolated Lya lines in common between the 
two line lists, at wavelengths A > 4750 A. In this range 
the s/n per resolution element is > 8. The lines are listed 
in Tab. |. 

Figure ^ shows the individual trajectory of each ab- 
sorption line in the plane b — log N. GCFT parameter val- 
ues are indicated by the solid black circles and our values 
correspond to the end of the adjoining line. 

Saturated lines tend to move keeping approximately 
constant the equivalent width value, as observed in the 
simulations (Fontana & Ballester 1995). Often they cor- 
respond to complex features. If the improved s/n is not 
sufficient for a proper deblending, but the better defini- 



V. D'Odorico et al.: The absorption spectrum of the QSO PKS 2126-158 (z em = 3.27) at high resolution 
Table 2. Absorption line parameters of the Lya forest. 



5 



Avac(A) 


± 


b 


± 


log TV 




± 


z 




ID 


4330.14 




6.85 


0.83 


15.57 





.51 


2. 


.6375 


Sill 1190 


4330.43 


- 


15.57 


0.60 


13.83 





.31 


2 


.63775 


Sill 1190 


4330.83 


- 


10.56 


0.90 


16.37 





.38 


2 


.63808 


Sill 1190 


4331.13 


- 


5.67 


0.40 


13.87 


1 


.32 


2. 


.63833 


Sill 1190 


4340.59 


- 


6.85 


0.83 


15.57 





.51 


2. 


.6375 


Sill 1193 


4340.89 




15.57 


0.60 


13.83 





.30 


2 


.63775 


Sill 1193 


4341.29 




10.56 


0.90 


16.37 





.38 


2 


.63808 


Sill 1193 


4360.94 




22.87 


5.30 


14.83 





.10 


2. 


.4596 


Fell 1260 


4382.01 


0.05 


17.61 


4.35 


13.58 





.11 


2 


.60460 


Lya 


4383.00 


0.04 


20.46 


7.17 


14.14 





.47 


2 


.60542 


Lya 


4388.94 


- 


12.03 


1.50 


15.02 





.53 


2 


.63775 


Silll 1206 


4389.35 




18.79 


1.10 


16.01 





.25 


2 


.63808 


Silll 1206 


4389.65 


- 


5.67 


0.40 


10.74 





.03 


2 


.63833 


Silll 1206 


4390.79 


0.01 


18.55 


0.81 


13.19 





.1 1 


2 


.63928 


Silll 1206 


4390.94 


0.02 


10.11 


0.71 


16.31 





.31 


2. 


.61195 


Lya 


4398.95 


0.05 


30.24 


4.75 


14.11 





.13 


2. 


.61854 


Lya 


4402.60 


0.04 


30.67 


4.97 


14.28 





.17 


2. 


.62154 


Lya 


4407.02 


0.05 


22.77 


4.13 


13.70 





.11 


2. 


.62518 


Lya 


4409.45 


0.06 


34.62 


4.95 


13.82 





.08 


2 


.62718 


Lya 


4411.76 


0.07 


36.44 


5.88 


13.72 





.08 


2. 


.62908 


Lya 


4414.08 


0.05 


26.82 


4.33 


13.81 





.09 


2 


.63098 


Lya 


4419.83 


0.10 


46.16 


13.81 


14.23 





.10 


2. 


.63571 


MLya 


4421.29 


0.06 


15.80 


3.75 


16.99 


1 


.44 


2 


.63692 


MLya 


4423.39 


0.10 


35.34 


5.66 


16.50 





.77 


2 


.63864 


MLya 


4425.51 


0.16 


52.15 


21.79 


14.29 





.12 


2 


.64039 


MLya 


4432.78 


0.06 


51.55 


9.37 


15.41 





.47 


2 


.64637 


Lya 


4434.67 


0.14 


23.83 


11.17 


13.32 





.22 


2. 


.64792 


Lya 


4438.27 


0.14 


56.34 


19.93 


14.24 





.09 


2. 


.65088 


Lya 


4440.35 


0.10 


47.66 


11.11 


14.86 





.35 


2 


.65259 


Lya 


4442.91 


0.07 


35.08 


6.44 


13.85 





.08 


2 


.65470 


Lya 


4455.24 


0.05 


47.74 


6.00 


14.63 





.16 


2. 


.66484 


Lya 


4461.06 


0.03 


12.81 


5.63 


15.69 


2 


.01 


2 


.66963 


Lya 


4463.92 


0.05 


15.75 


5.30 


13.32 





.1 2 


2 


.67198 


Lya 


4464.86 


0.09 


26.03 


9.22 


13.41 





.12 


2 


.67276 


Lya 


4465.92 


0.06 


26.49 


6.19 


13.80 





.10 


2 


.67363 


Lya 


4468.12 


0.05 


53.21 


9.44 


15.40 





.47 


2 


.67544 


Lya 


4470.72 


0.08 


24.32 


7.81 


13.33 





.12 


2 


.67758 


Lya 


4472.52 


0.13 


26.03 


7.83 


14.45 





.36 


2 


.67906 


Lya 


4474.10 


0.15 


44.35 


15.07 


14.86 





.41 


2. 


.68036 


Lya 


4476.37 


0.09 


49.03 


8.28 


14.33 





.10 


2. 


.68222 


Lya 


4482.78 


0.06 


28.26 


4.84 


13.67 





.08 


2 


.6875 


Lya 


4484.95 




11.44 


1.40 


13.52 





.14 


2 


.76755 


Sill 1190 


4485.12 




3.71 


0.35 


13.85 





.34 


2 


.7677 


Sill 1190 


4485.41 




10.70 


3.00 


13.45 





.23 


2. 


.76794 


Sill 1190 


4486.07 




7.10 


1.10 


16.86 





.10 


2 


.76848 


Sill 1190 


4486.49 




4.30 


1.30 


13.65 





.70 


2. 


.76884 


Sill 1190 


4486.84 




5.58 


1.00 


13.01 





.20 


2 


.76913 


Sill 1190 


4487.29 




9.50 


1.00 


12.86 





.16 


2 


.76952 


Sill 1190 


4495.77 




11.44 


1.40 


13.52 





.14 


2. 


.76755 


Sill 1193 


4495.95 




3.71 


0.35 


13.85 





.34 


2 


.7677 


Sill 1193 


4496.24 




10.70 


3.00 


13.45 





.23 


2. 


.76794 


C"*TT -\ -t r\<~i 

Sill 1193 


4496.90 




7.10 


1.10 


16.86 





.10 


2 


.76848 


Sill 1193 


4497.32 




4.30 


1.30 


13.65 





,70 


2 


.76884 


Sill 1193 


4497.67 




5.58 


1.00 


13.01 





.20 


2 


.76913 


C"*TT -1 -I r\<~i 

Sill 1193 


4497.70 




12.99 


0.20 


12.86 





.1 1 


2. 


.72789 


Silll 1206 


4498.12 




9.50 


1.00 


12.86 





.16 


2 


.76952 


C"*TT -1 -I r\<~i 

Sill 1193 


4498.15 




9.78 


1.60 


12.58 





.16 


2 


.72826 


Silll 1206 


4500.15 


0.07 


34.57 


7.55 


13.62 





.08 


2 


.70178 


Lya 


4510.60 


0.11 


48.93 


11.29 


13.67 





.08 


2. 


.71038 


Lya 


4520.62 


0.05 


33.59 


6.10 


13.98 





.07 


2. 


.71862 


Lya 


4522.21 


0.11 


34.41 


14.43 


13.50 





.13 


2 


.71993 


Lya 


4524.53 


0.18 


42.27 


11.89 


16.54 


1 


.28 


2. 


.72184 


Lya 


4526.68 


0.15 


33.08 


8.60 


14.41 





,41 


2 


.72361 


Lya 


4529.87 


0.10 


43.10 


8.35 


13.62 





.1 1 


2 


.72623 


Lya 


4532.27 


0.03 


34.17 


5.99 


17.42 


1 


.16 


2 


.72821 


MLya 


4543.51 


0.12 


23.19 


12.46 


13.13 





.18 


2. 


.73745 


Lya 


4544.77 


0.13 


32.47 


9.29 


14.03 





.15 


2. 


.73849 


Lya 


4o4b.oy 


0.11 


52 .83 


10.54 


1 5.32 





.41 


2 


.74007 


Lya 


4550.09 


0.06 


26.44 


6.73 


13.49 





.08 


2 


.74286 


Lya 


4557.50 


0.03 
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Lya 


5006. 


,06 


0.03 


20. 


.02 


2, 


.38 


14. 


.05 


0. 


.10 


3.11794 


Lya 


5010. 


,85 


0.07 


33. 


.86 


6 


.28 


13, 


.14 


0. 


.07 


3.12188 


Lya 


5018. 


.07 


0.01 


28. 


.87 


4 


,42 


15. 


.56 





.58 


3.12782 


Lya 


5020. 


.79 


0.03 


19. 


.94 


2 


.51 


1.3. 


.30 


0. 


.05 


3.13006 


Lya 


5027. 


.92 


- 


11. 


.44 





.60 


14. 


.67 


0. 


.14 


2.76755 


CII 1334 


5028. 


.11 


- 


3. 


.71 





.30 


14. 


,89 


4. 


.00 


2.7677 


CII 1334 


5028. 


43 


- 


6 


.40 





.70 


16. 


.46 


2, 


00 


2.76794 


CII 1334 


5029. 


.17 


- 


5. 


.84 





.20 


18, 


,38 


0. 


.14 


2.76848 


CII 1334 


5029. 


.27 


- 


9. 


.04 


1 


.10 


11, 


.89 


2. 


.00 


2.76856 


CII 1334 


5030. 


.03 


- 


5. 


.58 





.70 


17, 


.67 


6. 


.00 


2.76913 


CII 1334 


5030. 


.12 


- 


14. 


.23 


1 


.90 


16, 


.61 


0. 


.65 


2.7692 


CII 1334 


5032, 


,34 


- 


11. 


.44 


1 


.40 


13. 


.35 


0. 


.10 


2.76755 


CII 1335 


5032. 


.54 


- 


3. 


.71 





.35 


14, 


.86 


0. 


33 


2.7677 


CII 1335 


5032. 


.86 


- 


10. 


.70 


3 


.00 


13, 


.97 


0. 


.09 


2.76794 


CII 1335 


5033. 


60 


- 


7. 


.10 


1 


.10 


13 


14 


0, 


14 


2.76848 


CII 1335 


5034. 


.07 


- 


4. 


.30 


1 


.30 


12, 


.97 


0. 


.42 


2.76884 


CII 1335 


5034. 


,46 


- 


5. 


.58 


1 


.00 


18. 


.19 


0. 


.04 


2.76913 


CII 1335 


5034. 


.97 


- 


9. 


.50 


1 


.00 


13. 


.69 


0. 


.15 


2.76952 


CII 1335 


5041, 


69 


0.02 


26 


.85 


1 


.91 


14. 


.04 


0. 


.04 


3.14725 


Lya 


5043, 


.23 


0.05 


28 


.24 


2 


.97 


1.3. 


.98 


0. 


.06 


3.14852 


Lya 


5044. 


.09 


0.25 


.34 


,39 


11 


.88 


1.3. 


.31 


0, 


.25 


3.14923 


Lya 


5046. 


.23 


0.04 


17 


.54 


3 


,45 


12 


90 


0. 


.07 


3.15098 


Lya 


5048. 


.32 


0.05 


49 


.57 


4 


.54 


13. 


.70 


0. 


.03 


3.1527 


Lya 


5049. 


.04 


0.04 




















not ident. 


5050. 


.05 


0.02 


2.3 


,05 


2 


.17 


1.3, 


.89 


0. 


.04 


3.15412 


Lya 


5051. 


.05 


0.02 


23 


,62 


1 


.91 


13. 


.86 


0. 


.03 


3.15495 


Lya 


5055. 


.37 


0.02 


24 


,71 


2 


.16 


1.3. 


.82 


0. 


.05 


3.15850 


Lya 


5056. 


.29 


0.26 


66 


.44 


1.3 


.75 


13. 


.40 


0. 


.12 


3.15926 


Lya 


5062, 


,65 


0.02 


22 


.96 


1 


.90 


13. 


.52 


0. 


.03 


3.16449 


Lya 


5065, 


30 


0.01 


27 


.59 


1 


.63 


14. 


.46 


0, 


09 


3.16667 


Lya 


5068, 


.05 


0.01 


10 


.40 


1 


.00 


11. 


.69 


0. 


.50 


2.63625 


SilV 1393 


5068. 


.57 


0.01 


12 


.40 





.80 


12. 


.19 


0. 


.18 


2.63663 


SilV 1393 


5070. 


.13 


0.01 


15 


.25 


1 


.00 


14. 


.13 


0, 


.09 


2.63775 


SilV 1393 


5070. 


.60 


0.01 


19 


.32 


1 


,60 


13, 


.93 


0. 


.06 


2.63808 


SilV 1393 


5070. 


.95 


0.01 


22 


.19 


1 


.80 


13. 


.46 


0. 


.04 


2.63833 


SilV 1393 


5072. 


.26 


0.01 


15 


,43 


1 


.21 


1.3, 


,36 


0. 


.03 


2.63928 


SilV 1393 


5072. 


.87 


0.02 


9 


.43 


2 


.39 


12, 


.55 


0. 


.09 


2.63972 


SilV 1393 


5073, 


73 


0.04 


26 


.76 


3 


.58 


13 


.36 





04 


3.1736 


Lya 


5075. 


.09 


0.08 


.3.3 


,04 


9 


.77 


1.3. 


.08 


0. 


.09 


3.17473 


Lya 


5081. 


.25 


0.21 


51 


,81 


9 


.42 


1.3, 


.37 


0. 


.23 


3.17979 


Lya 


5081. 


,53 


0.04 


24 


.91 


5 


.00 


13. 


.51 


0. 


.16 


3.18002 


Lya 


5084. 


,90 


0.11 


.3.3 


.89 


6 


.85 


1.3, 


.33 


0. 


.10 


3.18279 


Lya 


5086, 


.01 


0.08 


32 


.88 


5, 


.75 


1.3. 


.44 


0, 


.08 


3.18371 


Lya 


5087, 


.32 


0.02 


12 


,42 


2 


.69 


12. 


.35 


0. 


.06 


3.2166 


SiHI 1206 


5091. 


.68 


0.07 


14 


,96 


6 


.85 


12, 


60 


0. 


.13 


3.18837 


Lya 


5092, 


.25 


0.04 


9 


.04 


3 


.57 


12. 


.64 


0. 


.10 


3.18884 


Lya 


5098. 


.23 


0.07 


23 


.45 


5 


.07 


12, 


.80 


0. 


.08 


3.19376 


Lya 


5099. 


.63 


0.05 


28 


.88 


4 


.31 


13, 


.10 


0. 


.05 


3.19491 


Lya 


5100. 


.83 


0.01 


10 


,40 


1 


.00 


11. 


69 


0. 


.50 


2.63625 


SilV 1402 


5101. 


.36 


0.01 


12 


,40 





.80 


12, 


.19 


0. 


,18 


2.63663 


SilV 1402 


5101. 


.46 


0.05 


42 


,82 


4 


.25 


13, 


.36 


0. 


.03 


3.19642 


Lya 


5102. 


.92 


0.01 


15 


,25 


1 


.00 


14, 


.13 


0. 


.09 


2.63775 


SilV 1402 


5103, 


40 


0.01 


19 


.32 


1 


.60 


13 


.93 





06 


2.63808 


SilV 1402 


5103. 


.75 


0.01 


22 


.19 


1 


.80 


1.3. 


.46 


0, 


.04 


2.63833 


SilV 1402 


5105. 


.07 


0.01 


15 


.4.3 


1 


.21 


1.3. 


.36 


0. 


.0.3 


2.63928 


SilV 1402 


5105. 


.69 


0.02 


9 


.43 


2 


.39 


12. 


.55 


0. 


,09 


2.63972 


SilV 1402 


5118. 


.56 


0.01 


24 


.91 


1 


.24 


13 


.91 


0. 


02 


3.21048 


Lya 


5119, 


.60 


0.02 


18 


,90 


2 


,33 


1.3. 


,45 


0. 


.04 


3.21135 


Lya 


5120. 


.56 


0.11 


27 


,46 


9 


.73 


12, 


.87 


0. 


.12 


3.21213 


Lya 


5125. 


.62 


0.03 


39 


,55 


6 


.78 


14, 


.39 


0. 


.37 


3.21629 


MLya 


5125, 


99 


0.02 


24 


.20 





.95 


17 


.38 


0, 


.20 


3.2166 


MLya 


5127. 


.12 


- 


.30 


.31 


2 


.30 


1.3, 


.30 


0. 


.03 


2.67864 


SilV 1393 


5127. 


.52 


- 


8 


,65 


3 


.30 


12, 


.48 


0. 


.10 


2.67892 


SilV 1393 


5135. 


05 


0.03 


43 


.47 


1 


.84 


14. 


.01 


0, 


02 


3.22403 


Lya 


5136. 


.13 


0.05 


18 


.18 


3 


.62 


12, 


.99 


0. 


.12 


3.22494 


Lya 


5139, 


.82 


0.12 


18 


.94 


1 


.64 


1.3. 


.11 


0. 


.1.3 


3.22797 


Lya 


5141. 


.36 


0.02 


.36 


.14 


2 


.87 


15. 


.24 


0, 


.11 


3.22924 


Lya 


5143. 


.81 


0.01 


27 


.28 


1 


.56 


14, 


19 


0. 


03 


3.23125 


Lya 


5145. 


.28 


0.08 


37 


.83 


6 


.75 


12. 


.90 


0. 


.06 


3.23246 


Lya 


5147. 


.15 


0.01 




















not ident. 


5150. 


.82 


0.03 


36 


.15 


2 


.49 


13. 


.32 


0. 


.02 


3.23702 


Lya 
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Table 2. - Continued 



Avac(A) 


± 


b 




± 


logJV 




± 


z 


ID 


5155.51 


0.03 


18.10 


2 


.46 


12.83 





.05 


3.24088 


Lya 


5157.68 


0.01 


25.18 





.73 


13.75 





.01 


3.24266 


Lya 


5160.28 




30.31 


2 


.30 


13.30 





.03 


2.67863 


SilV 1402 


5160.68 




8.65 


3 


.30 


12.48 





.10 


2.67892 


SilV 1402 


5162.33 


0.05 


27.16 


3 


.71 


12.85 





.05 


3.24649 


Lya 


5166.12 


0.02 


32.58 


2 


.48 


13.32 





.02 


3.2496 


Lya 


5167.94 


0.04 


31.53 


3 


.40 


13.03 





.04 


3.2511 


Lya 


5170.47 


0.01 


19.81 


1 


.09 


13.25 





.02 


3.25318 


Lya 


5181.48 


0.01 


25.48 





.03 


14.59 





.00 


2.39389 


Sill 1526 


5185.15 


0.03 


42.25 


2 


.25 


13.33 





.02 


3.26526 


Lya 


5195.76 




9.10 





.80 


12.38 





.04 


2.72789 


SilV 1393 


5196.28 




8.07 


5 


.40 


11.84 





.14 


2.72826 


SilV 1393 


5229.37 




9.10 





.80 


12.38 





,04 


2.72789 


SilV 1402 


5229.89 




8.07 


5 


.40 


11.84 





.14 


2.72826 


SilV 1402 


5246.68 


0.01 
















not ident. 


5251.04 


- 


7.60 


1 


.16 


12.80 





.03 


2.76755 


SilV 1393 


5251.25 




3.71 





.30 


11.61 





.50 


2.7677 


SilV 1393 


5251.58 




24.19 


4 


.00 


12.93 





.07 


2.76794 


SilV 1393 


5252.35 




11.14 





.05 


13.43 





.02 


2.76848 


SilV 1393 


5252.84 




8.78 


1 


.03 


13.05 





.03 


2.76884 


SilV 1393 


5253.39 




18.90 





.00 


13.60 





.00 


2.39323 


CIV 1548 


5253.40 


- 


25.77 





,00 


13.08 





.00 


2.7692 


SilV 1393 


5254.59 


- 


17.16 





.50 


14.20 





.02 


2.39401 


CIV 1548 


5256.50 


0.02 


15.94 


1 


.50 


13.33 





.03 


2.39524 


CIV 1548 


5262.13 




18.90 


1 


,80 


13.60 





.03 


2.39323 


CIV 1550 


5263.33 




17.16 





.50 


14.20 





.02 


2.39401 


CIV 1550 


5265.24 


0.02 


15.94 


1 


.50 


13.33 





.03 


2.39524 


CIV 1550 


5285.00 




7.60 


1 


.16 


12.80 





,03 


2.76755 


SilV 1402 


5285.21 




3.71 





.30 


11.61 





.50 


2.7677 


SilV 1402 


5285.55 




24.19 


4 


.00 


12.93 





.07 


2.76794 


SilV 1402 


5286.32 




11.14 





.05 


13.43 





.02 


2.76848 


SilV 1402 


5286.82 




8.78 


1 


.03 


13.05 





.03 


2.76884 


SilV 1402 


5287.38 


0.05 


25.77 


2 


.77 


13.08 





.05 


2.7692 


SilV 1402 


5356.13 


- 


8.45 


1 


.30 


13.23 





.04 


2.4596 


CIV 1548 


5356.45 


- 


14.80 


1 


.90 


13.16 





.05 


2.4598 


CIV 1548 


5365.04 


- 


8.45 


1 


.30 


13.23 





.04 


2.4596 


CIV 1550 


5365.36 


- 


14.80 


1 


.90 


13.16 





.05 


2.4598 


CIV 1550 


5445.69 


0.01 


33.60 





.07 


13.04 





.02 


2.9072 


SilV 1393 


5480.91 


0.01 


33.60 





.07 


13.04 





,02 


2.9072 


SilV 1402 


5501.90 


0.02 


9.97 


1 


.51 


13.10 





.05 


2.55375 


CIV 1548 


5511.05 


0.02 


9.97 


1 


.51 


13.10 





,05 


2.55375 


CIV 1550 


5529.80 


0.02 


13.70 


1 


.88 


12.54 





.06 


2.96755 


SilV 1393 


5553.40 




5.03 


2 


.09 


13.35 





.1 7 


2.6375 


Sill 1526 


5553.77 




15.87 


2 


.31 


14.24 





,05 


2.63775 


Sill 1526 


5554.28 




10.93 


2 


.10 


14.07 





.06 


2.63808 


Sill 1526 


5554.67 




10.87 


1 


.71 


13.46 





.07 


2.63833 


Sill 1526 


5606.00 


0.01 
















not ident. 


5629.63 


0.01 


10.40 


1 


.00 


13.52 





.02 


2.63625 


CIV 1548 


5630.21 




12.40 





.80 


13.78 





.02 


2.63663 


CIV 1548 


5630.71 




3.40 


1 


.50 


12.79 





.07 


2.63695 


CIV 1548 


5631.15 




12.09 


1 


,20 


13.40 





,03 


2.63724 


CIV 1548 


5631.56 




9.96 





.00 


13.53 





,00 


2.6375 


CIV 1548 


5631.94 




11.71 


2 


.00 


14.84 





.48 


2.63775 


CIV 1548 


5632.46 




6.34 





.00 


14.51 





.00 


2.63808 


CIV 1548 


5632.85 


- 


17.25 





.70 


14.08 





,02 


2.63833 


CIV 1548 


5634.31 


0.01 


18.55 





.81 


14.11 





.02 


2.63928 


CIV 1548 


5634.99 


0.02 


9.43 


2 


.39 


13.00 





.08 


2.63972 


CIV 1548 


5639.00 


0.01 


10.40 


1 


.00 


13.52 





.02 


2.63625 


CIV 1550 


5639.58 




12.40 





.80 


13.78 





.02 


2.63663 


CIV 1550 


5640.08 




3.40 


1 


.50 


12.79 





.07 


2.63695 


CIV 1550 


5640.51 


- 


12.09 


1 


.20 


13.40 





.03 


2.63724 


CIV 1550 


5640.93 


- 


9.96 





.00 


13.53 





.00 


2.6375 


CIV 1550 


5641.31 




11.71 


2 


.00 


14.84 





.48 


2.63775 


CIV 1550 


5641.83 




6.34 





,00 


14.51 





,00 


2.63808 


CIV 1550 


5642.22 




17.25 





.70 


14.08 





.02 


2.63833 


CIV 1550 


5643.68 


0.01 


18.55 





.81 


14.11 





.02 


2.63928 


CIV 1550 


5644.36 


0.02 


9.43 


2 


.39 


13.00 





,08 


2.63972 


CIV 1550 


5670.47 


0.01 


11.36 


3 


,61 


11.77 





.10 


2.39324 


A1II 1670 


5695.68 


0.01 


13.96 





.47 


14.10 





.02 


2.67892 


CIV 1548 


5705.16 


0.01 


13.96 





.47 


14.10 





.02 


2.67892 


CIV 1550 


5751.93 




9.98 


1 


.43 


13.55 





.04 


2.76755 


Sill 1526 


5752.17 




2.61 





.64 


14.14 





.43 


2.7677 


Sill 1526 


5752.53 




7.61 


1 


.18 


13.58 





.04 


2.76794 


Sill 1526 


5753.38 




8.82 


1 


.49 


15.24 





.51 


2.76848 


Sill 1526 


5753.91 




3.89 


1 


.12 


15.28 





.98 


2.76884 


Sill 1526 



^uae(A) 


± 


b 




± 


log 


;JV 




± 


z 


ID 


5754 


.37 




5.67 





.98 


13 


.62 





.06 


2.76913 


Sill 1526 


5754 


.94 




11.78 


1 


.48 


15 


.91 





.36 


2.76952 


Sill 1526 


5771 


.50 




12.99 





.20 


13 


24 





.03 


2.72789 


CIV 1548 


5772 


.08 




9.78 


1 


.60 


12 


94 





,05 


2.72826 


CIV 1548 


5781 


.10 




12.99 





,20 


13 


.24 





.03 


2.72789 


CIV 1550 


5781 


.68 




9.78 


1 


.60 


12 


,94 





,05 


2.72826 


CIV 1550 


5832 


,90 




8.02 


1 


.00 


13 


.38 





.03 


2.76755 


CIV 1548 


5833 


,13 




3.71 





.30 


12 


,82 





,20 


2.7677 


CIV 1548 


5833 


,50 




17.20 


1 


.50 


13 


.39 





.03 


2.76794 


CIV 1548 


5834 


,35 


- 


22.59 


1 


.00 


13 


,91 





,02 


2.76848 


CIV 1548 


5834 


,90 




17.20 


1 


.50 


13 


.42 





,05 


2.76884 


CIV 1548 


5835 


.46 




18.64 





,50 


14 


.38 





.02 


2.7692 


CIV 1548 


5836 


73 


0.04 


13.62 


2 


.03 


12 


.92 





.06 


2.77002 


CIV 1548 


5837 


.38 


0.04 


13.62 


2 


.03 


1 2 


,97 





.06 


2.77044 


CIV 1548 


5838 


57 


0.06 


13.62 


2 


.03 


13 


14 





.07 


2.77121 


CIV 1548 


5839 


.04 


0.06 


13.62 


2 


.03 


13 


.15 





.08 


2.77151 


CIV 1548 


5839 


,78 


0.04 


13.62 


2 


.03 


12 


,83 





.06 


2.77199 


CIV 1548 


5842 


,60 




8.02 


1 


.00 


13 


.38 





,03 


2.76755 


CIV 1550 


5842 


.83 




3.71 





.30 


12 


,82 





,20 


2.7677 


CIV 1550 


5843 


20 




17.20 


1 


.50 


13 


.39 





,03 


2.76794 


CIV 1550 


5844 
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Table 3. Isolated lines in common between this sample and 
that of GCFT. 
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Present work 



GCFT sample 



# 


Avac(A) 


logiV 


b 


Avac(A) 


log N 


b 


1 


4783.51 


13.47 


35.62 


4783.72 


13.72 


47.09 


2 


4808.53 


14.91 


33.13 


4808.30 


14.62 


41.59 


3 


4818.06 


15.74 


39.26 


4817.86 


14.80 


56.55 


4 


4829.85 


14.50 


25.84 


4829.67 


14.16 


38.82 


5 


4841.99 


13.73 


36.72 


4841.83 


13.65 


30.28 


6 


4843.75 


13.82 


20.23 


4843.61 


13.73 


22.10 


7 


4864.48 


13.31 


33.41 


4864.25 


13.73 


56.34 


8 


4868.72 


13.95 


28.22 


4868.49 


13.86 


45.75 


9 


4881.81 


13.11 


27.04 


4881.50 


13.41 


20.62 


10 


4883.56 


13.59 


45.18 


4883.55 


13.59 


32.21 


11 


4885.29 


13.17 


29.13 


4885.17 


13.33 


29.11 


12 


4892.98 


13.79 


32.84 


4892.90 


13.80 


31.03 


13 


4896.47 


14.14 


28.48 


4896.26 


14.23 


27.78 


14 


4926.34 


13.51 


51.57 


4926.28 


13.37 


13.32 


15 


4929.33 


13.69 


26.21 


4929.10 


13.71 


27.53 


16 


4930.68 


13.61 


25.96 


4930.46 


13.63 


28.94 


17 


4950.41 


13.44 


38.58 


4950.44 


13.54 


52.10 


18 


4958.86 


13.77 


24.59 


4958.70 


13.91 


37.90 


19 


4989.55 


13.30 


24.55 


4989.60 


13.39 


23.47 


20 


4994.34 


13.84 


21.08 


4994.23 


13.81 


22.55 


21 


5001.80 


13.00 


20.12 


5001.91 


13.24 


24.82 


22 


5003.64 


12.94 


14.17 


5003.67 


13.36 


32.17 


23 


5010.85 


13.14 


33.86 


5010.40 


13.38 


35.23 
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5020.79 


13.30 


19.94 


5020.84 


13.35 


13.48 


25 


5041.69 


14.04 


26.85 


5041.48 


13.98 


25.82 
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23.05 


5049.84 


13.79 


18.03 


27 


5051.05 


13.86 


23.62 


5050.83 


13.80 


29.00 


28 


5055.37 


13.75 


24.71 


5055.22 


14.03 


34.67 


29 


5062.65 


13.52 


22.96 


5062.51 


13.66 


27.73 


30 


5065.30 


14.46 


27.59 


5065.08 


14.29 


33.37 


31 


5073.73 


13.36 


26.76 


5073.34 


13.22 


8.26 


32 


5099 63 


13.10 


28.88 


5099 25 


13.44 


62.69 


33 


5118.56 


13.91 


24.91 


5118.41 


13.99 


26.83 


34 


5119.60 


13.45 


18.90 


5119.37 


13.56 


16.25 


35 


5143.81 


14.19 


27.28 


5143.64 


14.26 


29.70 


36 


5150.82 


13.32 


36.15 


5150.61 


13.35 


31.57 


37 


5155.51 


12.83 


18.10 


5155.42 


12.84 


25.19 


38 


5162.33 


12.85 


27.16 


5162.03 


12.94 


32.15 


39 


5167.94 


13.03 


31.53 


5167.80 


13.22 


34.33 


40 


5170.47 


13.25 


19.81 


5170.31 


13.24 


22.54 


41 


5185.15 


13.33 


42.25 


5184.94 


13.43 


42.56 



tion of the wings forces a fit with a lower b parameter, 
then they move toward higher column densities. 

Lines with low column density in regions with low s /n 
ratio have poorly defined profiles and are very sensitive 
to the continuum level. The s/n increase, together with 
a choice of a slightly lower continuum with respect to 
GCFT, has induced a migration from high b values and 
small column densities toward smaller Doppler widths. 
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Fig. 4. Doppler parameter distribution for the Lya lines in 
Tab. El out of 8 Mpc from the quasar PKS 2126-158. 



The Doppler width distribution of the complete 
(log iVm > 13.3) sample of Lya lines is shown in Fig. ||. 

Using the standard assumption that line broadening 
is due exclusively to thermal motion, the relation be- 
tween Doppler parameter and temperature, b 2 = 2 k T/m, 
(where k is the Boltzmann constant and m is the hydro- 
gen mass) implies that the peak value b ~ 25 km s _1 
corresponds to a cloud temperature of T ~ 38000 K. 

The Lya sample contains 21 lines, i.e. ~ 14.5 %, 
with 10 < b < 20 km s _1 , and 12 lines, i.e. ~ 8.3 %, 
with 15 < b < 20 km s — 1 . Such percentages are almost 
halved compared with those found in the previous work 
by GCFT. Nonetheless, it has to be noted that the peak 
value of the b distribution is roughly the same for the two 
samples. 

The nature of the distribution of Lya clouds Doppler 
parameters has led in the past to controversies. Pettini et 
al. (1990) found Lya lines with a median Doppler parame- 
ter of 17 km s _1 and a strong intrinsic correlation between 
Doppler width and column density. From these results a 
scenario of very cool, dense and practically neutral clouds 
emerged, in contrast with previous models. Starting from 
data with similar resolution, Carswell et al. (1991) follow- 
ing different selection and analysis criteria obtained sig- 
nificantly larger average and median Doppler parameters 
and, above all, no b — N correlation. Our median b value is 
intermediate between the results of Pettini et al. and that 
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of Carswell at al. and it agrees with recent result at very 
high resolution (Hu at al. 1995; Lu et al. 1996). 




log N, 



Fig. 5. Column density distribution of the Lya lines out of 
8 Mpc from the quasar PKS 2126-158. The overplotted solid 
line represents a power-law distribution, oc N -13 , with f3 = 1.5 
(Hu et al. 1995; Giallongo et al. 1996). 

The column density distribution of our Lya line sam- 
ple is shown in Fig. ^[ As shown in Fig. for values 
log Am < 13.3 a selection bias is expected: only lines with 
small Doppler parameters are detectable. This is con- 
firmed by the drop of the column density distribution be- 
low this logA^Hi value. The shape of the distribution is 
in agreement with the power-law fit , with (3 ~ 1.5, 
obtained in the recent works by Hu et al. (1995) and Gi- 
allongo et al. (1996). 

The number density of lines per unit redshift, in the 
wavelength interval AA4380 — 5065 A for Lya absorptions 
with logA^Hi > 14, is in good agreement with the cosmo- 
logical redshift distribution (Giallongo et al. 1996). 

5. Identification and analysis of the metal systems 

As a first guess, heavy-element systems have been iden- 
tified on the basis of the line list presented by GCFT. 
Eventually, other element lines have been added to the 
previously found systems, making use of a list of the lines 
most frequently observed in QSO absorption spectra, de- 
rived from Morton (1991). The oscillator strengths of Si 
II A1526 and Si II A1304 have been corrected according to 
Verner et al. (1996). 



As for the Lya lines, the operation of fitting has been 
carried out within the context FITLYMAN of the reduc- 
tion package MIDAS. In the case of the complex profiles 
observed for the heavy-element lines, a minimum number 
of components needed to obtain a x 2 < 1 and a good fit 
was deduced from the C IV profiles (or, in one case at low 
redshift, from the Mg II one). 

Then an identification programme, based on the 
method of Young et al. (1979), has been applied to the 
newly observed lines that seemed not to belong to exist- 
ing systems. 

Besides the systems previously found at lower resolu- 
tions (Young et al. 1979; Sargent et al. 1988; GCFT), we 
show two systems identified on the basis of the C IV dou- 
blet, whose column densities and equivalent widths were 
too weak to be detected in previous observations. We do 
not confirm the existence of the system at z — 2.33 found 
by GCFT, whose lines were all inside the Lya forest. Six of 
the twelve systems show a multicomponent substructure, 
with a velocity extent up to ~ 350 km s _1 . We have not 
adopted any velocity window, or other strict rules for the 
classification into systems versus sub-systems. We have 
simply considered as one system those groups of lines for 
which a simultaneous fit was required because of the su- 
perposition of the various line profiles. 

5.1. Notes on individual systems 

Each system has been assigned a letter, from A to L, in 
order of increasing redshift. 

5.1.1. The metal system at z abs = 0.6631 - A 

The two strongest Ca II doublets of this system have been 
already observed by GCFT. Furthermore, two other com- 
ponents have been fitted, together with the respective Mg 
II doublets. The two components with higher column den- 
sity values show also Mg I A2852. 

The total spread in velocity of the system is ~ 215 km 

s-K 

5.1.2. The metal system at z abs — 2.3941 - B 

The existence of this system was formerly suggested by 
Young et al. and subsequently confirmed by Sargent et al. 
(1990) and by GCFT. 

The C IV A1548 line at z abs = 2.3932 is blended with 
the Si IV A 1393 of the complex system H, but the other 
line of the doublet has a very clean profile that guarantees 
the reliability of the fit. 

We have found another component by means of the 
C IV doublet, which is slightly separated (~ 100 km s _1 ) 
from the others. The maximum separation among the 
three is ~ 180 km s _1 . 

Corresponding to two lower redshift components we 
have fitted the Si IV doublets and at z aDS = 2.3932 also 
Si II A1526, Si II A1808 and Al II A1670. 
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5.1.3. The metal system at z abs = 2.4597 - C 

This system, identified by Sargent and collaborators 
(1988), shows two C IV doublets. Relative to the stronger 
component, we observe an uncertain Fe II A1260 and the 
Lya, both in a region with low s/n ratio. The Si IV dou- 
blets, if present, are blended with the stronger C II com- 
plex of system E. 

5.1.4. The metal system at z abs = 2.5537 - D 

We have identified this low column density C IV doublet in 
a region with high s/n ratio and absence of lines. This new 
system does not show any other metallic line associated 
with it. 

5.1.5. The metal system at z abs = 2.6378 - E 

This multicomponent system shows ten sub-features, 
three more than in GCFT, with a total spread in velocity 
of ~ 286 km s^ 1 . The number of components and the rel- 
ative redshifts have been derived from the observation of 
the C IV lines which lie outside the Lya forest. 

Lines shortward of the Lya emission are difficult to 
examine because they are blended with H I lines. In these 
cases (e.g. C II A1335) we have identified and fitted any 
components in coincidence with C IV components. Never- 
theless, the b and N values of these lines, and even their 
existence, are to be considered doubtful. 

In addition to the elements found by GCFT, we have 
fitted Si III A1206, Si II A1304 and AA1190, 1193, all in a 
region of the spectrum with low s/n ratio. 

The corresponding Lya line has been fitted separately. 
As a matter of fact, it was so strongly saturated that even 
the observation of the Ly/3 did not help in the determina- 
tion of its profile. 

5.1.6. The metal system at z abs = 2.6788 - F 

A clear C IV doublet, first identified by Sargent ct al. 
(1988), is observed outside the Lya forest; all the other 
lines of this system lie inside it. At the same redshift of 
C IV, Si IV doublet and N V doublet have been found. 

Si IV doublet has been fitted using Si IV A1402 only, 
since Si IV A1393 is blended with a wide Lya line. Besides, 
it shows a possible second component separated by ~ 20 
km s" 1 from that identified by the C IV. A Si II A1260 is 
observed at this last redshift, while the existence of the 
other lines found by GCFT is not confirmed. 

5.1.7. The metal system at z abs = 2.7281 - G 

This system has been identified by the C IV doublet, 
which presents two components separated by <~ 30 km 
s- 1 . 

Unlike in GCFT, Lya and Si IV doublet, even if ex- 
tremely weak, have been fitted. Other lines, whose iden- 
tification is uncertain, are: Si III A1206 blended with the 



multicomponent Si II of system H and Fc II A 1260 blended 
with a Lya line. 

5.1.8. The metal system at z ab s = 2.7689 - H 

This is the most complex system found in our spectrum. 
It appears as a blended feature of Av ~ 350 km s _1 . 

We observe seven C IV doublets and four possible very 
weak lines of C IV A1548. Four more components have 
been identified using low-ionization lines falling outside 
the Lya forest, and all the lines unambiguously identified 
in the Lya forest have been fitted. 

Besides the lines fitted by GCFT, we have added those 
of Si II A1304, A1260, A1190, A1193 and the fine-structure 
excited level C II A1335. No fine-structure line of Si II has 
been observed. 

As for the other complex system, E, the Lya line has 
been observed but not fitted together with the other ele- 
ments. The presence of the corresponding Ly/3 line does 
not help much because of the strong saturation. 




Energy (Ryd) 



Fig. 6. The shape of the ultraviolet background at the epoch 
z=2.9. Continuous line: as computed by Haardt and Madau 
(1997); dashed line: with an increased (of a factor 10) jump 
around 4 Ryd. The ionization potentials of a few ions are 
shown. 



5.1.9. The metal system at z abs = 2.8195 - I 

Meyer and York (1987) identified this system as a sin- 
gle C IV doublet. We have added the identifications of O 
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I A1302, Si III A1206, Lya, Ly/3 and Ly 7 , while the ex- 
istence of Si II A1304, A1309 is uncertain due to severe 
blending. 

None of the low-ionization lines reported by GCFT 
have been observed, apart from Al II A1670 that has be- 
come a C IV at z = 3.216542. 

5.1.10. The metal system at z abs = 2.9072 - J 

This C IV system (Meyer k York 1987) shows also Si III 
A1206, Si IV AA1393, 1402, Lya Ly 7 and LyS. 

5.1.11. The Lyman limit system at z a b s = 2.9675 - K 

This is a Lyman-limit system identified by Sargent et al. 
(1990). 

The Lya line of this system probably has a complex 
structure which has not been possible to disentangle even 
examining the corresponding Ly7, still badly saturated. 

At high resolution, the C IV identification is doubt- 
ful (a wavelength discrepancy of about 0.5 A is observed 
between the two components of the doublet). We have 
identified and fitted a very weak Si IV A1393 and Si III 
(possibly contaminated by Lya). The existence of the N V 
doublet is not verifiable since a wide H I line is present at 
that wavelength. 

5.1.12. The metal system at z a b s = 3.216542 - L 

This possible system, previously unknown, shows a C IV 
doublet (the C IV A1548 line was identified as Al II A1670 
at z = 2.81959 by GCFT) and a Si IV doublet outside the 
Lyman forest. We have fitted also the Lya line and Si III 
A1206 in the forest. 

For the systems I and J the reliability of the fit of 
the Lyman series allows a measure of the metallicity. In 
system K it is possible to put an upper limit to it on the 
assumption of logNni > 17. We have used the standard 



photoionization code CLOUDY (Ferland 1996), following 
the same approach described in detail in Savaglio et al. 
(1997). 

In the analysis of system J, if the standard UV back- 
ground at z=2.9 (Haardt and Madau 1996) is adopted 
and the size of the cloud is assumed not smaller than 
20 Kpc, we end up with an unplausibly high overden- 
sity of silicon with respect to carbon, ^ 50. To obtain 
a more realistic [Si/C] ^ 1 the cloud size should decrease 
substantially below 10 kpc. Incongruities of this type are 
not uncommon, as reported by Songaila and Cowie (1996) 
and Savaglio et al. (1997). Several processes may increase 
the SilV/CIV ratio: a photoionizing background domi- 
nated by local sources, non-eq uilibrium temperatures and 
non- uniform radiation fields ( Giroux and Shull 1997 ). In 
Savaglio et al. (1997) and here we have explored the pos- 
sibility of an enhanced break at 4 Ryd in the metagalactic 
background radiation, as could be originated by a contri- 
bution of primeval galaxies in addition to the standard 



QSO background. With a jump increased of a factor 10 
at 4 Ryd (Fig. ^), the observed line ratios turn out to be 
compatible, assuming a cloud size of 30 kpc, with a metal- 
licity -2.5 dex solar and an overabundance of silicon with 
respect to carbon of a factor 5-6. 

The analysis of systems I and K, under the assumption 
of the same UV background with an enhanced jump at 
4 Ryd and cloud sizes ^ 15 kpc, provides metallicities of 
~ — 2.2 and ^ —2.7, respectively. System I, again, requires 
an overabundance of silicon with respect to carbon of a 
factor 4 that would become much larger if the standard 
UV background is assumed. 




Fig. 7. Histogram of the logarithmic number of C IV 

absorptions as a function of the column density. The 

solid line represents a power-law: Nq^, j3 = 1.64 
(Petitjean fc Bergeron 1994). 



6. Statistics of C IV systems 

In order to investigate the statistical properties of C IV 
systems, an enlarged sample has been created by merging 
the present data with th ose recently obtaine d at similar 
resolution for Q0000-26 (|Savaglio et al. 1997j) and Q0055 
- 269 (Cristiani et al. 1995). All the spectra have been 
analyzed in a homogeneous way according to the same 
procedures described in sections 2 and 3. 

6.1. Doppler parameter and column density 

The distribution of C IV column densities is shown in 
Fig. It can be described as a single power-law distri- 
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bution, dn/dN oc N @ , with (3 = 1.64 (in agreement with 7.1. Statistical tools 



Pctitjean & Bergeron 1994), down to a completeness limit 



logiVciv ~ 13.3. 



0.5 




800 



Fig. 8. Rest equivalent width of single C IV system compo- 
nents as a function of the column density (in units of 10 12 
cm -2 ). The overplotted curves of growth have been computed 
for values b — 6,14,22 km s _1 of the Doppler parameter 
(Spitzer 1978; Press & Rybicki 1993). 



The distribution of the Doppler parameters for the 
same C IV lines has a mode of ~ 14 km s -1 and a standard 
deviation o~b — 8 km s -1 . A simple derivation of the ex- 
pected < feciv > from the corresponding < b^ ya >, with 
the hypothesis of pure thermal broadening with a single 
temperature would provide < 6civ >— 7 km s _1 . This in- 
dicates either that turbulent motions are present or some 
of the lines are blends of subcomponents, which would be 
separated only by observations with higher spectral reso- 
lution and s/n. 

Figure H shows the equivalent widths, estimated from 
the b and iVciv values derived for each subcomponent 
by profile fitting, versus the column density. It can be 
seen that most of the lines are on the linear part of the 
curve of growth, at least for Nqw < 10 14 cm~ 2 . Curves 
of growth have been drawn for values of the Doppler pa- 
rameter &civ = 6, 14, 22 km s _1 . 



7. Clustering of C IV clouds 



We have adopted as a statistical tool the two-point cor- 
relation function (TPCF), defined as the excess, due to 
clustering, of the probability dP of finding a cloud in a 
volume dV at a distance r from another cloud: 



dP = <P(z) [l + £(r)] dV 



(1) 



where &(z) is the average space density of the clouds as a 
function of z. The TPCF is known to be a satisfactory es- 
timator when used to investigate weak clustering on scales 
considerably smaller than the total interval covered by the 
data. The binning, intrinsic to this method, causes a loss 
of information, but the ease in visualizing its results and 
in including observational effects in the computing codes 
have made of the TPCF one of the favorite statistical es- 
timators in cosmology. 

In practice the observations provide the redshifts of the 
absorption lines that, due to peculiar motions, are not im- 
mediately transformed in comoving distances. Therefore 
the TPCF is generally computed in the velocity space, 
making use of the formula (Peebles 1980) 



e(«,At>) 



n ohs (v, Av) 
(v,Av) 



1 



(2) 



where rt b s is the number of observed line pairs with ve- 
locity separations between v and v + Av and n eX p is the 
number of pairs expected in the same interval from a ran- 
dom distribution in redshift. 

At the small velocity separation we are dealing with, 
the variation of the distance scale with cosmic time can 
be neglected and the velocity difference can be simply de- 
duced from the redshift difference (Sargent et al. 1980) 



Av = 



c(z 2 - z\) 
l + ( Zl +z 2 )/2 



(3) 



where Av is the velocity of one cloud as measured by an 
observer in the rest frame of the other. 

In our line sample n oxp is obtained by averaging 5000 
numerical simulations of the observed number of redshifts, 
trying to account for all the relevant cosmological and 
observational effects. In particular the set of redshifts is 
randomly generated in the same redshift interval as the 
data according to the cosmological distribution cx (1 + 
z) 7 , where 7 has been taken equal to —1.2 (Sargent et al. 
1988). Observed pairs with a velocity splitting Av < 30 
km s" 1 have been merged, while simulated ones have been 
excluded in the estimate of n exp , because of the intrinsic 
line blending due to the typical widths of the C IV lines. 

The TPCF for the C IV clouds is presented in Fig. | 
with 60 km s _1 bins. A strong clustering signal is detected 
at small velocity separations (Av < 1000 km s _1 ). At 
larger scales no significant signal is found, in particular the 
peaks observed in the TPCF at - 3360 km s" 1 , ~ 7140 
km s _1 and at ~ 9840 km s" 1 are aliases corresponding to 
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Fig. 9. Two point correlation function at large velocity sepa- 
rations for the C IV systems. The dotted line shows the 95 % 
confidence level. 
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Fig. 10. Two point correlation function at small velocity sep- 
arations for the C IV systems. The dotted line shows the 95 % 
confidence level 



the coupling of the low Av (high frequency) power with 
the window function. 

The present data have adequate resolution to allow a 
further investigation of the distribution on scales smaller 
than 1000 km s _1 . The TPCF for velocity separations in 
the range 30 < Av < 1000 is shown in Fig. [To]. In this 
velocity interval 48 pairs are observed, while ~ 10 are 
predicted for a homogeneous distribution. 

Similar results, with a significant correlation on scales 
up to 200-300 km s" 1 , have been obtained in the works 
by Petitjean and Bergeron (1994), Womble et al. (1996) 
and Songaila and Cowie (1996), carried out at comparable 
resolution. 

The velocity scale at which the maximum clustering 
signal is observed is comparable with the extension of the 
complex metal absorption features in the spectrum. This 
suggests, as already noticed by Petitjean and Bergeron 
(1994), that we are not seeing clustering of "galaxies" but 
of gas clouds within the same galactic halo. 

Other authors (Sargent et al. 1988; Heisler et al. 1989) 
report, on the basis of large samples of QSOs observed 
at relatively low resolution (a few Angstrom), significant 
correlation of C IV lines up to scales of 600 - 1000 km 
s _1 . If the resolution of the present data is degraded to 
the level typical of those investigations (e.g. a resolution of 
77 km s" 1 ), a compatible result is obtained, with £(0 < 
Av < 1000 km s" 1 ) ~ 2.0 ± 0.9. 

The correlation on scales larger than 1000 km s -1 re- 
ported by Heisler et al. (1989) is not reproduced. It has 
to be noted, however, that it appears to be the result of 
the inclusion in their sample of one "exceptional" object, 
0237-233. 

7.2. Correlations with the column density 

It has long been assessed that a correlation exists between 
the equivalent width of metal absorption systems and their 
number of components (Wolfe 1986; Petitjean & Bergeron 
1990; petitjean fc Bergeron 199^ ). 

In Fig. 11 the total equivalent width is plotted versus 



the number of components for the C IV absorption sys- 
tems. The dashed line represents the best linear fit for all 
the points. 

The number of components, however, is highly depen- 
dent on the spectral resolution and on subjective taste. To 
overcome this problem, we examined the maximum veloc- 
ity separation in a given system versus the total equivalent 
width (Fig. [l2]). A correlation is apparent and the dashed 
line is, again, the best linear fit. 

The observed trends suggest that the clustering ampli- 
tude of the C IV lines could be a function of the column 
density. 

In order to further investigate this issue, in Fig. p~3] the 
amplitude of the TPCF (in the bin 30 < Av < 90 km s" 1 ) 
is plotted as a function of the median value of the C IV col- 
umn density. The upper right point represents the result 
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Fig. 11. Total equivalent width of C IV systems versus the 
corresponding number of components. The dashed line is the 
linear correlation best fit for all points. 
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Fig. 12. Total equivalent width of C IV systems versus the 
corresponding maximum velocity separation. The dashed line 
is the linear correlation best fit. 




Fig. 13. Amplitude of the clustering of C IV lines as a function 
of the column density. The upper right point has been obtained 
for the present enlarged sample of C IV lines. The lower left 
point has been derived from the data of the QSO 1422+231 
(Songaila & Cowie 1996). The vertical bars represent la pois- 
sonian uncertainties in the determination of the TPCF while 
the horizontal ones show the 68% confidence interval of the 
column densities. 



obtained in this work for the C IV absorptions in the en- 
larged sample. The lower left point comes from the lower 
column density sample obtained by Songaila and Cowie 
(1996) for the QSO 1422+231. The TPCF has been com- 
puted, also for the latter data, according to the procedure 
described in § 7.1. Lines of lower column density show in- 
deed a smaller amplitude of the TPCF at 30 < Av < 90 
km s . 

The correlation of the clustering amplitude with col- 
umn density is analogous to what has been observed for 
Lya lines (Cristiani et al. 1997) and it is qualitatively 
consistent with a picture of gravitationally induced corre- 
lations. 



8. Conclusions 

We have presented high-resolution spectra of the quasar 
PKS 2126-158. 

The analysis of the Lya forest shows that: 

1. The peak value of the Doppler parameter distribution 
is ~ 25 km s _1 . This value is large enough to be in 
agreement with a standard ionization model, but not 
too high (b > 30) to make the Lya clouds contribution 
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to baryonic matter exceed the standard nucleosynthe- 
sis value (Hu et al. 1995). 

2. The plot of the statistical sample of Lya lines in the 
b— log N plane shows no significant correlation between 
the two parameters. 

3. The column density distribution shows a cutoff, due 
to incompleteness and blending, for log7V H i < 13.3, 
for higher values it is well described by a power-law 
dn/dN m oc N~f with f3 = 1.5 (Hu et al. 1995; Gial- 
longo et al. 1996). 

4. The number density of lines per unit redshift is in 
agreement with a standard power-law evolution of the 
type dn/dz oc (1 + z) 7 with 7 = 2.7 (Giallongo et al. 
1996). 

Clustering properties of the Lya lines have been in- 
vestigated in another paper (Cristiani et al. 1997). Lya of 
higher column density (log A^hi > 13.8) are found to clus- 
ter significantly on scales around 100 km s . 

From the analysis of metal absorptions the following 
results have been obtained: 

1. Two new C IV absorption systems have been detected 
at z = 3.2165 and z = 2.5537. 

2. A mean metallicity of ~ —2.5 dex solar has been found 
using the metal systems at z = 2.8195, z = 2.9072 and 
z = 2.9675. In order to make the column densities of 
the intervening systems compatible with realistic as- 
sumptions about the cloud sizes and the [Si/C] ratios, 
it is necessary to assume an increase of a factor 10 in 
the jump at 4 Ryd of the standard spectrum of the 
ionizing UV background (Haardt & Madau 1997). 

3. Merging the present data with those obtained at com- 
parable resolution for the two quasars Q0055-26 and 
Q0000-26, has provided a relative large sample (71 
doublets) of C IV absorptions, complete down to a col- 
umn density log Nqw — 13.3. The C IV column den- 
sity distribution is well fitted by a single power-law, 
with (3 = 1.64. 

4. The mode of the Doppler parameter distribution is 
&civ — 14 km . 

5. The clustering properties of the individual components 
of the C IV features have been investigated making use 
of a TPCF in the velocity space. A significant signal 
is obtained for scales smaller than 200 — 300 km s , 
£(30 < Av < 90km s _1 ) = 32.71 ± 2.89. The result is 
consistent with previous findings (Sargent et al. 1988; 
Heisler et al. 1989) when the increased resolution and 
s/n ratio of the present data is taken into account. 

6. Correlations between total equivalent widths and num- 
ber of components and between total equivalent widths 
and velocity spread of the individual C IV systems are 
observed. The two-point correlation functions for lower 
column density C IV absorption systems, recently esti- 
mated by Womble et al. (1997) and Songaila and Cowie 
(1996), show a weaker signal than the present data. 



These three pieces of evidence suggest a trend of de- 
creasing clustering amplitude with decreasing column 
density. An analogous behaviour has been observed for 
Lya lines by Cristiani et al. (1997). 
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